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ABSTRACT
This study focused on the research question: What is the impact of using the educational technology, Electronic
Voting Systems (EVS), for undergraduate mathematics teaching? The question is addressed from two perspectives.
First, a survey study was designed to ascertain the views of academics from multiple institutions in the UK on
how they have incorporated the use of EVS in their undergraduate teaching. This showed that the EVS use
influences instructor pedagogical principles for creating and using mathematics questions in undergraduate
classrooms. It has also catalyzed active instructor-student feedback in real time, while facilitating student
(cognitive) engagement through the provision of mathematical problem solving in real time. Secondly, a finer
grained evaluation study was conducted, based on classroom observations and limited student interview data,
and showed that, pedagogically, the use of specific EVS-based mathematics questions has helped in aligning
teaching with learning, so as to achieve intended learning objectives. Its use has also helped in enhancing
student cognitive engagement through feedback predicated on deliberate practice. However, the study did not
show any demonstrable impact of EVS use on student performance, attendance or retention.
Keywords: Electronic voting systems/clickers, impact/effectiveness, technology-enhanced teaching/learning,
pedagogy, feedback, student engagement
1. Introduction
This article is designed to answer the research question. What is the impact of using the educational technology,
Electronic Voting Systems (EVS), i.e. clickers or Student/Audience Response Systems, for undergraduate mathematics
teaching?  First, academic staff who have used EVS to teach undergraduate mathematics in universities across the UK were
surveyed in order to ascertain their views on the impact of EVS usage on teaching and learning outcomes. Second, to
provide a deeper analytical context for the survey results, a case study derived from observational, interview and
documentary evidence from a single instructor’s implementation of EVS for undergraduate mathematics teaching is
presented.
 
A main contribution of this study is that it presents three dimensions that the use of EVS has had on undergraduate
mathematics instruction. These dimensions are, from a pedagogical perspective, the use of EVS-based mathematics
questions as a way of aligning instruction with learning objectives, the use of feedback as a way of making visible
students’ deficiencies and how these may be addressed; and an exploration of the impact of using EVS on student
academic performance. Further, the (survey) study is a novel investigation about the views and experiences of academic
staff, from various UK institutions, on the impact of EVS as a tool for university mathematics teaching. Research studies
on EVS have largely consisted of descriptions of research on EVS within specific institutional contexts (e.g. see Simpson &
Oliver 2007). In contrast, this study presents evidence of EVS effectiveness for mathematics teaching from academics
working in 14 different institutional contexts. These types of studies are required in order to adequately assess the
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evidence (e.g. Sloane 2008) on technology-based educational interventions. 
The article outline is as follows: The study background and (survey) methodology are presented, followed by the
presentation and analyses of the survey results. Then the case study, comprising the methodology and results showing the
impact of EVS use in three dimensions of undergraduate mathematics instruction, is presented; and this is followed by a
brief conclusion.
1.1 Rationale for Using Electronic Voting Systems
The barriers to learning mathematics at the tertiary level (e.g. Maths anxiety) are well documented (e.g. Hawkes &
Savage 2000; NMAP 2008; NRC 2001). Consequently, a number of initiatives have been implemented to overcome these
barriers, and to promote active learning (e.g. Croft & Ward 2001; Novak et al. 1999; NMAP 2008). One of these initiatives
is the use of EVS to promote problem solving and hence active learning in university mathematics education.
The use of EVS affords an academic the means to give students, especially in a large class, the opportunity to engage
with course material by having them answer questions during a lecture, with subsequent provision of feedback to
students. The students answer the questions by clicking the corresponding alphanumeric answer choice on their EVS
handsets (Fig. I). Student responses are then displayed, in real time, in the form of a suitable chart (Fig. II). The lecturer
may then decide to elaborate on any relevant issues arising out of the question and answer display session. For instance,
a lecturer should address why options (1), (2) and (4) in Fig. II, which 54% of the students in a class had selected as the
correct option, are in fact incorrect. Hence the use of EVS may be viewed as an educational intervention to promote
active learning in the university classroom. EVS may therefore be, and has been, used in courses which emphasise real-
time problem solving, especially in university lectures (e.g. Bruff 2009).
Fig. 1 Students using (TurningPoint) EVS handsets to answer
questions in class
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Fig. 2 Chart showing student responses to an EVS mathematics
question. Only 46% of the class got the right answer (i.e. Option
3)
1.2 Background on Electronic Voting Systems
Electronic Voting Systems are ubiquitous in university classrooms around the US, a phenomenon which Abrahamson (2006)
described thus:
Today, at almost every university in the USA, somewhere a faculty member in at least one
discipline is using a response system in their teaching.                                  
In the UK, there are at least 47 universities where EVS handsets are being used1. As a result of the widespread interest, a
number of publications – including three highly regarded books (Bruff 2009; Banks 2006; Duncan 2005) - have been written
on EVS. These publications largely consist of descriptions of EVS implementations in specific institutional contexts (e.g.
Cline et al. 2007; Bode et al. 2009) and also to support specific approaches (e.g. Mazur 1997; Hake 1998, Beatty et al.
2006), although a few of these are reviews (e.g. Simpson & Oliver 2007; Fies & Marshall 2007). Many of these publications
are positive on the impact of EVS usage on teaching and learning in tertiary education. However, recent studies have also
highlighted the potential drawbacks of using EVS, including the cost to students and institutions and the lack of (any
significant) learning benefits accruing from EVS usage (e.g. Bugeja 2008; Johnson & Robson 2008). 
In general, research literature indicates that EVS usage offers three significant benefits. The first is reported learning
gains, partly as a result of using EVS, especially in the peer discussion mode (e.g. Lasry, Mazur & Watkins 2008). However,
most articles do not present evidence of this benefit. The second benefit is increased student engagement – this includes
increased student participation in lectures and enhanced interactivity in lectures (Bruff 2009, p. 199), although there is
limited evidence on whether and how EVS use might actually facilitate cognitive engagement with learning material. The
third benefit is that the constant feedback produced during EVS usage not only presents academics with a relatively
accurate and timely information about student comprehension, this also allows them to change the pace or content of
lecture delivery to as to accommodate student needs (Boyle 2006, p. 302)
2. Methodology (survey)  
The survey study employed a cross-sectional research design, based on a descriptive survey research paradigm (Cohen,
Manion & Morrison 2007 p. 205), and was aimed at answering the research question, ‘What is the impact of using the
educational technology, Electronic Voting Systems (EVS), for undergraduate mathematics teaching?’ by ascertaining the
views of academics from multiple institutions in the UK on how they have incorporated the use of EVS in their
undergraduate teaching. Particular focus is placed on pedagogy, with emphasis on principles for using questions and
evaluating their effectiveness; cognitive engagement and feedback. While the design for the survey study is descriptive,
the design for the case study of one instructor’s practice, which will be presented in Section 6, will incorporate a finer
grained analysis of the specific ways that EVS use has impacted undergraduate mathematics instruction in terms of
pedagogical alignment of instruction with learning objectives, instructor-student feedback, student cognitive engagement
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with learning in real time during classroom instruction, and impact of EVS use on student academic performance.
2.1 Instrument
The main data collection instrument was a web-based, semi-structured self-completion questionnaire, which consisted of
a mix of closed and open-ended questions (see Appendix for questionnaire). The surveys were administered via the Bristol
Online Surveys (BOS)2, developed by Bristol University.
2.2 Recruitment
Using a variety of strategies, e.g. dedicated sites for UK EVS users, the Mathematics, Statistics and Operational Research
(MSOR)3 network, etc; 20 academics were identified as using EVS to teach mathematics i.e. this is the population, as far
as we were able to ascertain, and these were then invited to complete the web survey; sixteen academics eventually
responded. Further, three of these four academics who did not complete the questionnaire provided valuable comments
about their use of EVS through email and informal conversations.
2.3 Sample
The sample consisted of four female and 12 male academics in the UK who have used or currently use EVS to teach
mathematics to undergraduates. It is important to note that this sample is 80% of identified users of EVS in this context,
and thus representative of the population. Further, the mathematics subjects taught with EVS ranged from engineering
mathematics, further calculus, linear algebra (tutorials) and introduction to pure Maths to complex analysis and numerical
analysis. 
The level of students taught by respondents ranged from pre-university, i.e. foundational year to final year students.
2.4 Data Analysis
The techniques adopted in analysing survey data include the use of frequency tables and correlation or cross-tabulation
tables (e.g. Table I), and thematic analysis for the open-ended questions.
3. Reliability, replicability and validity
To ensure that the findings of the study are credible, reliable and valid, we adopted the measures described below.
3.1 Survey Pilot
The survey instrument used in the study has undergone two piloting cycles. First, the instrument is based on a previous
survey that was piloted for an explorative study. Second, the current survey has also been piloted with two academics,
whose views are not presented in this study. This is because one used EVS to teach the mathematical component of a
Statistics course, while the other is based in Germany.
3.2 Face Validity
As part of face validity measures, the initial drafts of the survey instrument were submitted to two academics with
statistical expertise who provided useful comments. The draft instrument was also submitted to two mathematics
lecturers who provided formative feedback. As a result of the pilot and face validity measures, we effected changes to 16
items in the survey instrument.  
3.3 Respondent Validation
To minimise invalidity or ensure internal validity, respondent validation was employed, suggested as a measure of the
validity of quantitative research (Cohen, Manion & Morrison 2007, p. 145). All respondents were emailed with a copy of
their individual submissions to the survey questions. Respondents were also provided with a draft of the findings and
interpretations, which they were requested to corroborate, or object to as appropriate (Lincoln & Guba 1985, p. 329). 
Subsequently, useful suggestions were incorporated from the feedback received. We also adopted measures to minimise
the impact of question sequencing and the primacy effect (Cohen, Manion & Morrison 2007 p. 336, 226).
4. Presentation and Analysis of Survey Results
In this section, the survey results together with related analyses are presented based on the impact of EVS use on
pedagogical principles for using and evaluating question effectiveness, cognitive engagement and feedback. Also, to
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conserve space, a few illustrative excerpts, rather than all relevant respondent comments, are presented.
4.1 Pedagogical Principles For Using Electronic Voting System Questions
Based on respondent comments to the open-ended item, ‘What were your guiding principles or goals in choosing/setting
EVS questions?’, four main themes were identified as the guiding principles for the creation and use of EVS questions in
lectures. The first of these was the desire to receive and provide feedback in real time on student performance, and
grasp of the relevant subject matter. The comments below, from different respondents, illustrate this:
 ‘To gain feedback on students’ progress and to highlight common mistakes made by students‘;
‘To be able to quickly assess the level of the students; to provide more informative and instant
feedback to students’;
The second main theme was the use of EVS questions to reinforce ideas or topics. This had two expressions: The creation
of questions to assess student recall of previously covered material, and assessment of student efficacy in applying newly
introduced material:
‘Immediately reinforce each new idea with an EVS question. (ii) Include some more difficult or
extended questions to stretch the better students and provide practice solving problems’;
‘I designed questions to make students think about how they could use the techniques they'd just
been taught but also to make sure the techniques were being used appropriately’;
The third main theme identified was the use of EVS questions to catalyse engagement, specifically student interaction
and participation in class. This is particularly pertinent for those teaching large classes:
‘Student participation in large class environment’;
‘Getting students to work together and build simple ideas up in a fun way’;
Last, the importance of selecting and creating good distractors was identified as a main principle guiding the use of EVS
questions:
‘Good distractor answers. Questions cannot be too complicated otherwise students will be
unable to answer. Students should be able to answer questions in a short period of time. Also,
the students shouldn't be able to determine the correct answer by a process of elimination from
the available selection’.
The last comment about questions being elimination-proof indicates that not all questions would adequately task students
mentally. In Section 6.3, we will present a classification of EVS-based mathematics question types, based on one
instructor’s practice.  We would also highlight in that section how EVS may be used to achieve an overriding pedagogical
principle of aligning instruction with learning objectives.
4.2 Evaluating Question Effectiveness
In response to the multiple-answer questionnaire item, ‘How do you evaluate whether a question has been effective?’,
respondent submissions indicated that the most frequently (n=12) used criterion is ‘when student response leads to the
identification of problem areas’. This essentially means that EVS is seen as a means of providing feedback on student
strengths and weaknesses. 
Respondents also noted that a question could be considered effective as long as it elicited a response from students, with
even a low response rate viewed as positively contributing to learning:
‘I'd evaluate a question as INeffective [emphasis respondent’s] if none of the students answered
it!’;
‘Practically no response is "useless", so in a sense all questions are effective. If a majority of
students respond in some way, the results are always effective either in indicating that they've
grasped the material or in helping me target a problem area…’.
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The ‘practically no response is useless comment’ suggests that a low student response rate could be as beneficial to an
alert academic as a high response rate.
4.3 Cognitive Engagement
When respondents were asked in an open-ended question about the ‘impact (or otherwise) of EVS usage on the mental
processing or problem solving of in-class material during lectures’ (Bransford et al. 2000; see also Guthrie & Carlin 2004),
many (n=10) stated that they had observed a positive correlation. In the excerpt below, a respondent observed that EVS
usage had had a ‘very significant impact’ on student mental processing of problems during lectures. S/he also added that
this has implications for learning outside of the walls of the classroom:
‘Very significant impact. Before EVS I suspected that a few students worked through problems on
the board ahead of me, most watched me solve problems and tried to understand what I did.
Now all students have to try problems before they have seen the answer. They need to think
how to solve a problem - not just understand my answer - I think this is a very important
difference and I think that they will be in a much better position to try other problems out of
the lecture setting.’
Another respondent commented that ‘all students’ are able to ‘switch their brains on’ during EVS lectures, as opposed to
the pre-occupation with note-taking that sometimes occurs in non-EVS lectures:
‘It encourages ALL [emphasis respondent’s] the students to switch their brains on there and
then. In non-EVS lectures some students are fully engaged while others sometimes seem to just
be taking notes for future use. Some (Maths) students in particular can feel threatened and
react adversely (not attending) to lecturers' attempts to encourage participation. The advantage
of using EVS is that it is non-threatening. If anonymous there is no reason not to participate’.
However, two respondents were undecided about the impact of EVS usage on cognitive engagement, citing insufficient
evidence; while four others stated that they had not observed any impact on mental processing of in-class material. Later
in Section 6.4, we will show through an instructor’s practice and corresponding student comments how, within a problem
solving framework, the use of the EVS-based mathematics question does help students to ‘switch their brains on’, i.e.
mentally engage with learning material during classroom instruction. In Section 6.3, we will highlight how there are
different EVS-based mathematics question types, and how these differ in terms of the learning approaches they may elicit
in students, while in Section 6.5, we will present data on whether there is any correlation between EVS use and student
academic performance.
4.4 Feedback
Along with increased student engagement, the one other main benefit of using EVS, cited in literature, is the provision of
feedback to both students and academics about the level of understanding in a classroom. So the question may be asked,
‘What types of (student) feedback do academics receive?’ Judging by recurring frequency - in response to the multiple-
answer item, ‘Could you describe the kinds of feedback you have received from student answers to EVS questions?;’ the
most important types of feedback that academics have received from students are:
‘Identification of common student errors or misconceptions’ (n=14);
‘Identification of components of topics students find difficult’ (n=12);
‘Student understanding of previous lessons’ (n=11);
‘Ease/Difficulty level of a question(s)’ (n=10).
Similarly, respondent submissions to the multiple-answer item, ‘Could you describe the kind(s) of feedback you provide to
students after they have submitted their answers to the EVS questions used in class?’, indicate that the most important
types of feedback provided by academics to students are:
‘Explanation of why the alternative options provided are incorrect ‘ (n=14);
‘A step-by-step solution of the problem’ (n=11);
‘Discussion of the distribution [or spread] of students' correct and incorrect answers’ (n=11).
It should be noted that the information or intelligence (Russell 2008) provided by the types of feedback from students
highlighted above, if acted upon, can or should ideally help academics improve their teaching, while aiding student
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learning. The limited evidence suggests that academics are indeed utilizing the feedback received. Most respondents
(n=13) stated that they had incorporated feedback from students into their teaching. This incorporation is either in the
form of long-term revision and updating of course notes or ‘on the fly’, contingent teaching response in real time within a
lecture session:
‘Each year, when I revise my course material, I bear in mind what I've learned (from EVS as well
as other feedback) about the difficulty of various topics, and I try to set questions to challenge
common misconceptions. I've altered the pacing and the sequence in which ideas are introduced
for similar reasons’;
‘Only in an "on the fly" sort of way - in that, if lots of students get a question wrong after
discussion then I will spend more time going over the ideas behind that question’
The importance of feedback was further highlighted when respondents commented about the differences in feedback
between EVS and non-EVS lectures’. The predominant response (n=12), in response to the open-ended item, ‘In general,
are there any differences between the feedback provided in a typical mathematics lecture where EVS are used and one in
which EVS are not used?’, was that feedback played a far more important role in EVS lectures for three reasons. First, the
volume of student feedback (including from shy or reticent students) received is much higher than in traditional lectures:
‘Hugely more feedback with EVSs. And from different people – e.g. shy people, less keen people,
etc.’;
‘Profound differences! In a typical lecture, IF [emphasis respondent’s] a question is asked by the
lecturer, typically, the same students will answer each time, and little or no discussion ensues.’;
‘You cannot expect to get feedback from "all" students in a standard lecture environment with
90 students’.
Second, EVS usage helps provide an accurate picture of student comprehension of lecture content, and this knowledge of
what students actually know or understand may be at odds with academics’ presumptions or erroneous impressions about
the level of student understanding, which a respondent suggested are often formed by ‘talking only to the smart
students’:
‘Without EVS it's easy to be misled about students' talents and impression of the course by only
talking to the smart students who ask questions’;
 ‘Yes I can be more focused on one particular misconception rather than having to explain
misconceptions which might not be present’.
Third, academics are able to provide more targeted feedback to students, based on insights into student comprehension
as indicated by student answer choices:
‘In an EVS session, if a majority of students give an incorrect answer, I feel I have to first run
through the correct solution AND discuss why students felt the alternatives may have been
correct’;
‘Yes when EVS is used it allows much more targeted feedback to the students and therefore
they find it more relevant and useful’.
In Section 6.4, we will illustrate how feedback is a function of the deliberate practice instructional environment
(Bransford 2000) that is created when EVS-based mathematics questions are used in real time during classroom
instruction.
5. Discussion
We have presented the methodology, data analysis and results of a survey study designed with a view to answering the
research question, ‘What is the impact of using the educational technology, Electronic Voting Systems (EVS), for
undergraduate mathematics teaching?’ In particular we have provided academics’ perspectives on the impact of the use
of EVS on teaching outcomes, i.e. pedagogy, cognitive engagement and feedback, in university mathematics classrooms. 
Pedagogically, the four principles enumerated by respondents as their rationale for using EVS - to receive feedback on
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student understanding, reinforce lecture material, enhance student engagement, and create good questions that would
challenge students - seem to indicate that they are not using the technology just because it is available, but as a means
for achieving specific teaching and learning objectives. 
Moreover, frequent use of EVS questions enhances student (cognitive) engagement with learning, as their use ‘provide
each student with a chance to think about and respond to a question before hearing other students’ answers’ (Bruff 2009,
p. 199). 
A major component of EVS usage is the provision of feedback. Feedback from students provides academics with a means
of monitoring student comprehension both in real time and over the course of a module. Academics are also able to use
this student feedback to provide more targeted instructional measures. It is important to note that these two forms of
feedback, which are an integral part of EVS-enabled lectures, are either largely absent from, or used infrequently in
typical mathematics lectures. 
In conclusion, the survey findings show that EVS usage has significantly influenced the way academics assess student
understanding, and how students gauge understanding of learning material. Moreover, EVS use has also helped in
catalysing enhanced student engagement and student-academic feedback, with an emphasis on problem solving in real
time in university mathematics lectures. This survey is hence a contribution to the evaluation of the impact of technology-
facilitated teaching (and learning) on university mathematics instruction, from a multi-institutional perspective.
6. Case Study: Impact on Teaching and Learning
We have just presented a cross-section of views of instructors’ perceptions of the impact of EVS for teaching. Moreover,
93.8% of participants either ‘strongly agree’ or ‘agree’ with the statement, ‘Based on my experience, EVS is a tool that
can significantly enhance the teaching of university mathematics’ (Table I). But what would the implementation of EVS
look like in an undergraduate university mathematics classroom, and how would that impact the mathematics being
learned in such classrooms? Therefore to answer the research question, ‘What is the impact of using EVS for
undergraduate mathematics teaching?, from a second perspective, i.e. to present a finer grained analysis of the survey
outcomes, we present data from one instructor’s (one of the authors of this paper) use of EVS. The target sample for the
study was second-year Automotive (auto) and Aeronautical (aero) Engineering students who were taught an engineering
mathematics module in the 2008/2009 academic year, with a total class size of about 150 students. This data is based on
classroom observations of the instructor using EVS for teaching a mathematics module (Table II), limited interview data
from students taught by the instructor, and documentary evidence (e.g. module specification and student grades).
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Table I A correlation of two relevant survey items show that academics consistently rated the usefulness of EVS for mat
teaching highly.
Sequel to the survey results, three dimensions of the possible impact of using EVS for undergraduate mathematics
teaching will be explored. These dimensions are, first, the use of EVS-based mathematics questions as a way of aligning
instruction with learning objectives (see Section 6.3); second, the use of EVS-based formative assessment and feedback as
a mechanism for enhancing student cognitive engagement through deliberate practice; and third, an exploration of the
impact of using EVS on student academic performance. These three will be addressed based on analysis of classroom
observation and interview data, supplemented by documentary evidence. Therefore, the observational protocol and
interview methodology are briefly presented in the next section.
6.1 Observation Protocol
To evaluate the impact of the use of EVS-based mathematics questions on student learning, one of the authors observed
the use of EVS for classroom instruction on the undergraduate mathematics module highlighted earlier for a semester
during the 2008/2009 academic year. During the observations, detailed notes were taken about the types of questions
used during instruction and the time points during a lecture that they were used (the purposes for using these questions
were later clarified through face-to-face discussions with the instructor). Student responses to the questions – how many
voted, the percentage of students who got the answer right or wrong, etc were also noted. In addition, instructor
response to how students voted – did the instructor review the questions and provide detailed feedback to the students,
etc – were also noted. In addition, the time it took to present and complete the process for answering a question was
noted. General classroom dynamics – did students appear engaged during question time, or were they using the time to
talk to their peers, was also noted. Finally, this observation protocol had earlier been piloted with a different group of
instructors who had used EVS to teach a range of undergraduate courses.
The results that will be presented in this section are largely based on data from classroom observations. This is
supplemented, in the case of assessing the impact of EVS use on student engagement, by excerpts from interviews with
students. Therefore, the interview methodology is presented in the next section.
6.2 Interview Methodology
We also conducted student interviews to evaluate the impact of the use of EVS-based mathematics questions on student
learning. Four female and six male students from auto and aero volunteered for the interviews. It should also be noted
that the interviewing author had no connection whatsoever with the module and/or the students. 
This cohort of second-year engineering students had been introduced to the use of EVS in one of their first year
mathematics modules, taught by another instructor. It could thus be expected that their views on EVS use would be more
mature or at least be immune to an extent from the novelty effect of EVS use, than students who had just been
introduced to EVS. 
A semi-structured interview approach was employed to interview the 10 volunteer students. During the interviews, each
participant was presented with a set of EVS-based mathematics questions (see Figures III, IV, V and VI in the Appendix)
that had been previously used in class for the engineering mathematics module under investigation. The questions were
based on the topics that had been covered in class, including Multiple Integration, Eigenvalues and Eigenvectors and
Vector Calculus. The main rationale for the inclusion of the questions was to assess whether and/or how the use of the
EVS-based questions had influenced student learning. But due to space constraints and fidelity to the research question
posed for this study, only excerpts relating to the impact of using EVS on student engagement will be presented in this
section.
To ensure face validity for the interviews, we submitted the materials used in the interviews to members of the academic
units the authors were a part of. Moreover, sections of the interview protocol/materials had earlier been piloted with
another group of students. To negate or limit the influence of the acquiescence factor (Cohen, Manion & Morrison 2007,
p. 151), interviewees were reassured at the beginning of each interview session that all their contributions would be
treated with confidentiality, and that even the instructor would appreciate genuine feedback about the perceived
benefits and drawbacks of EVS use. 
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In the next sections, we will sequentially present the impact of using EVS on undergraduate mathematics instruction,
based on the three dimensions earlier described.
6.3 Alignment of Instructional Tasks with Learning Objectives
There is considerable agreement in the educational research community that aligning teaching practices with learning
objectives can lead to enhanced student learning outcomes (e.g. Biggs 1999). The use of EVS helps to facilitate this. In
this case, the instructor used EVS technology to create and present mathematics questions that helped to align classroom
instruction in real time with the learning objectives for the mathematics module being investigated.
Table II Module specification showing the Intended Learning Outcomes for the mathematics module investigated
The module specification, including the learning objectives (see Table II), clearly indicate that the focus of the module is
on problem solving, a focus that lends itself well to the use of EVS. The instructor was thus able to create specific EVS-
based mathematics questions types to promote fluency in attaining the different problem solving skills anticipated in the
learning objectives. A summary of the categorisation of the types of the EVS-based mathematics questions used by the
instructor, and the correspondence of these questions to the revised Bloom’s Taxonomy (Anderson & Krathwohl 2001) is
presented in Table III.
Table III Correspondence between the EVS question types and Bloom’s Taxonomy4.
EVS-BASED MATHEMATICS Question Types Bloom’s Taxonomy Equivalent Descriptive Verbs
Revisions
(Used principally to identify student prior
knowledge – Fig. VI)
Comprehension
(i.e. test for understanding of
knowledge)
Classify, convert,
describe, explain extend,
give examples, interpret
Applications
(Used to assess student efficacy in applying
previously covered or recently introduced
material – Fig. IV)
Application
(Ability to apply laws and formulae
to solve mathematical problems)
Apply, compute
construct, demonstrate,
discover, modify,
operate, produce
ConcepTests Analysis Analyse, relate, associate,
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(Used to assess conceptual understanding of a
topic – Fig. V)
(Seeing the whole picture from its
constituent parts)
discriminate, distinguish,
infer, order, separate
Introducers
(Used to introduce a topic, such that it gets
students thinking in a different way about a
particular topic than they are accustomed to –
Fig. III)
Analysis
(Seeing the whole picture from its
constituent parts)
Analyse, relate, associate,
discriminate, distinguish,
infer,
6.4 Enhancement of Student Cognitive Engagement based on Formative Assessment and Feedback Predicated on Deliberate
Practice
The use of formative assessments in mathematics can lead to increased precision in how instructional time is used in class
and can assist teachers in identifying specific instructional needs. (NMAP 2008, p. 48)
The use of these EVS question types in real time facilitates deliberate practice, i.e. the implementation of appropriate
[classroom] practices that enhance performance and also includes active student monitoring of their own learning
experiences (Bransford, Brown & Cocking 2000, pp. 175-176, 59). This is because students are given opportunities, while
the learning material is still fresh in their minds, to work on related problems through the use of the EVS question types,
and are subsequently provided targeted feedback. This not only reinforces learning objectives, but also helps students to
diagnose their level of understanding of a specific learning object, as what is activated when a student is merely
presented with new learning material which s/he only has to think about, and what is activated when a student actually
performs that activity are very different (Olive & Makar 2009, p. 154).
In this regard, one of the students on the module who was interviewed commented that:
‘Well, when you go through an example, or maybe [the instructor is] teaching you something, I
sometimes think ‘oh, I get that’, but it isn’t until you do a question that you actually know if
you can or not’.
Another student commented that the use of EVS questions gave him/her an ‘idea of what’s going on’ with respect to the
lecture content (I = Interviewer, S = Student):
I: You say ‘it’s helped my progress as in lectures, as in lectures we’re required to take a lot of
notes and I find that I don’t take in much information, concentrate much’. 
S: Yeah. Like, it’s like, ‘cause we’re writing down notes constantly, almost constantly...I find it
hard to, um, actually listen to what the lecturer’s saying while I’m writing down. So I don’t
really take in that much. So when we have the questions, it gives me time to read over it and
actually, like, have to put it into practice, so I...like, instead of going away from the lecture
and reading over my notes... I kind of have an idea of what’s going on.
Further, this diagnosis, i.e. level of understanding with respect to a task, is visible to the instructor, via the EVS
technology interface, so the instructor may then be able to make any necessary instructional adjustments.
So it could be argued that the creation of a formative instructional environment through the iterative use of different
mathematics question types benefits all students, because they all get the chance to mentally engage with concepts in
real time and to somewhat adapt their ideas about a particular subject domain, in response to how they performed on a
related question, and instructor feedback. As had been shown earlier through comments from survey respondents, this
feedback is invaluable to instructors as well. Similarly, Boyle (2006) claimed that the use of ‘audience responses systems
have changed the classroom. Those of us who use them could not return to the conventional lecture – you get “hooked”
on interpreting the feedback and finding out what is going on in students’ minds – and it is different every year’ (p. 302).
6.5 Impact on Student Academic Performance
A critique of research on EVS impact on learning to date is the tendency for such research to mainly present findings on
student attitudes or views of EVS usefulness (e.g. Kaleta & Joosten, 2007; Simpson & Oliver, 2007), which are only one
measure of impact. Therefore, a goal of this study was to evaluate whether EVS use has had any impact on student
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performance, as determined by mean student grades, attendance and retention. 
To do this, we compared the mean academic grades of four cohorts of students on a second-year engineering
mathematics module taught by the same instructor (this is the same instructor/module combination that respondents for
this study were selected from) over the 2006/7, 2007/8, 2008/9, 2009/10 academic years (see Table IV). It should be
noted that apart from the 2006/7 cohort in which EVS was not used, the classroom experience for all the other three
cohorts included regular EVS use. Also, coursework was intentionally made more demanding for the 2007/8, 2008/9 and
2009/10 cohorts. Otherwise, the three cohorts are directly comparable, as course content and assessment modes
remained unchanged across the four cohorts. 
The results (Table IV) show that EVS use does not appear to have had a positive or negative impact on student
performance, as indicated by the mean overall grades of the four cohorts. Observations of lectures also indicated that EVS
use did not have beneficial impact on student attendance. Further, EVS did not appear to have any positive impact on
the student failure rates. Further, recent statistical as well as qualitative evaluations do not report any significant
learning gains accruing from EVS use (e.g. Bugeja, 2008; Johnson & Robson, 2008).
However, the finding that EVS use appears to have no positive impact on student performance might need to be
interpreted with caution. This is because the EVS questions that have been used for the engineering mathematics class
investigated tend to be structured into short, specific problem sets. In contrast the module examination, which accounts
for 80% of the overall module grade, typically consists of longer calculation and application questions. It is therefore
plausible that the type of procedural fluency skills that students acquire through exposure to EVS use, especially through
deliberate practice, are not being assessed within the current examination structure, which has been in place prior to the
2006/7 session.
Table IV The academic performance of students on a second-year engineering mathematics module over a four-year
period
Cohort Characteristic 2006/7 2007/8 2008/9 2009/10
No. of students 145 147 156 146
Coursework average 81.3 58.9 64.7 58.3
Exam average 59.2 62.0 58.4 60.4
Overall average 63.2 60.3 59.7 60.0
% of students failed 13.8 14.9 7.7 16.4
Moreover, research evidence indicates that benefits from technological intervention in the classroom often start to
appear from the second year of implementation (e.g. Somekh et al., 2007). Further, as instructor skill and confidence
with using EVS in the formative teaching mode increases, this could be expected to somewhat impact student
performance (e.g. Boyle, 2006; Crouch & Mazur, 2001; Boyle et al, 2001).  So it is still quite plausible that EVS use might
show a positive correlation with academic performance in the long term. Also, evidence from other institutions (e.g.
Boyle et al, 2001) indicates that regular EVS use may help improve the scores of weaker students. Also, the instructors
earlier surveyed appeared committed to using EVS for undergraduate mathematics instruction (Table V).
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Table V Data showing the commitment of most respondents to continuing to use EVS
7. Conclusion
This study focused on the research question: What is the impact of using EVS for undergraduate mathematics teaching? 
The question is addressed from two perspectives.  First, a survey study was designed to ascertain the views of academics
from multiple institutions in the UK on how they have incorporated the use of EVS in their undergraduate teaching. 
Secondly, a finer grained evaluation study was conducted, based on classroom observation and student interview data.
The survey study showed that EVS usage influences instructor pedagogical principles for creating, and assessing the
effectiveness of mathematics questions used for undergraduate mathematics teaching. It has also catalyzed active
instructor-student feedback in real time, while facilitating student (cognitive) engagement through the provision of
mathematical problem solving in real time. However, these views are based on self-reports of the efficacy and impact of
EVS use on undergraduate mathematics instruction from respondents from multiple institutions.
A finer grained evaluation of the impact of the EVS use, a case study, was therefore conducted to highlight the
congruence between general instructors’ submissions and the observed impact of EVS use on one instructor’s mathematics
teaching, with respect to pedagogy, (student) cognitive engagement and feedback, and academic performance. This
second study, based on classroom observation and student interview data, plus documentary evidence, showed that the
use of specific EVS-based mathematics questions has helped in aligning teaching with learning, so as to achieve intended
learning objectives. Its use has also helped in enhancing student cognitive engagement through feedback predicated on
deliberate practice. Finally, we highlighted how EVS use has not had any demonstrable impact on student performance,
attendance or retention, based on data from one instructor’s practice. In future studies, we will investigate the views of
academic staff using EVS in multiple countries about their views of the efficacy of using EVS for undergraduate
mathematics teaching. Further, we will study whether the use of specific EVS-based mathematics questions, as
highlighted in this study, influence students to adopt particular learning approaches to answering the questions. We will
also explore further whether there is any correlation between EVS use and student academic performance. Finally, we
will explore how alternative EVS technologies, such as the use of free polling systems, networked tablet PCs, TI Nspire
Navigator and smart phone-based applications (e.g. Twitter) could impact undergraduate mathematics teaching and
learning.
Samuel King PhD can be contacted at sammy.king@gmail.com
 
Endnotes
1 http://www.psy.gla.ac.uk/~steve/ilig/people.html.
2 https://www.survey.bris.ac.uk/.
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3 http://www.ltsn.gla.ac.uk/.
4 Data compiled from Carneson, Delpierre and Masters (1996) and Zimmaro (2004).
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